[DOCUMENT] PATENT APPLICATION 
[DOCKET NUMBER] POS54782 
[FILING DATE] February 9, 1996 
[SUBMITTED TO] Mr. Hisamitsu ARAI 

Commissioner of the Japanese Patent Office 
[INTERNATIONAL CLASSIFICATION] G02F 1/1335 525 
[TITLE OF THE INVENTION] 

COLOR FILTER SUBSTRATE AND REFLECTIVE COLOR LIQUID CRYSTAL 

DEVICE 
[NUMBER OF CLAIMS] 7 
[INVENTOR] 

[ADDRESS/DOMICILE] 

c/o Seiko-Epson Corporation 

3-3-5 Yamato, Suwa-shi, Nagano-ken 

[NAME] 

MAEDA, Tsuyoshi 
[APPLICANT] 

[ID NUMBER] 000002369 

[NAME] Seiko-Epson Corporation 

[REPRESENTATIVE] YASUKAWA, Hideaki 
[AGENT] 

[ID NUMBER] 100093388 

[PATENT AGENT] 

[NAME] SUZUKI, Kisaburo 

[CONTACT] 3348-8531 EXT. 2610-2615. 
[ASSIGNED AGENT] 

[ID NUMBER] 100095728 

[PATENT AGENT] 

[NAME] [KAMI/UE/UWA] YANAGI, Masayo 

[PAYMENT OF FEE] 

[PAYMENT METHOD] Prepayment 
[PREPAYMENT LEDGER NO. ] 013044 
[AMOUNT PAID] 21,000 yen 



[LIST OF DOCUMENTS] 

[DOCUMENT] Specification 1 
[DOCUMENT] Drawings 1 
[DOCUMENT] Abstract 1 
[POWER OF ATTORNEY NO. ] 9005917 
[PROOF REQUIREMENT] Required 



r 



[Document] Specification 

[Title of the Invention] Color Filter Substrate and Reflective 
Color Liquid Crystal Device 

[What Is Claimed Is] 

[Claim 1] A color filter substrate used in a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said substrates, at least two colors of color filters, at 
least one polarizing plate, and a reflector, characterized in 
that 

said color filters are provided only in a part of the light- 
controllable area within each dot, and a layer transparent in 
visible light is formed to the substantially same thickness as 
said color filters in the area not having color filters provided 
in said light-controllable area, and in the area not light- 
controllable . 

[Claim 2] A color filter substrate as defined in Claim 1, 
characterized in that 

the difference of thickness between said color filters and 

said transparent layer is 0.5|im or less. 

[Claim 3] A color filter substrate as defined in Claim 1, 
characterized in that 

the difference of thickness between said color filters and 

said transparent layer is 0.1|im or less. 

[Claim 4] A color filter substrate as defined in Claim 1, 
characterized in that 

said transparent layer is formed with an acryl material. 

[Claim 5] A color filter substrate as defined in Claim 1, 
characterized in that 

said transparent layer is formed with a polyimide material. 

[Claim 6] A color filter substrate as defined in Claim 1, 
characterized in that 

said transparent layer is formed with a polyvinyl alcohol 
material . 

[Claim 7] A reflective color liquid crystal device using a color 
filter as defined in any of Claim 1 through Claim 6. 

[Detailed Description of the Invention] 

[0001] 



[Field of the Invention] 



The present invention relates to a color filter substrate 
and a reflective color liquid crystal device using that. 

[0002] 

[Prior Art] 

The displays mounted on small-scale portable information 
terminals such as a PDA (Personal Digital Assistant) are almost 
all black-and-white liquid crystal displays. The needs for color 
displays are also high, but in a conventional transmissive color 
liquid crystal device requiring a backlight, the power 
consumption of the backlight inverter is great, and it is not 
oriented toward portable use. Accordingly, a reflective liquid 
crystal device capable of color display is strongly expected. 

[0003] 

Several methods have been proposed for the realization of a 
reflective color liquid crystal device. It would be no 
exaggeration to say that the methods presently being put into 
practice are only those methods which use the birefringence of 
the light transmitted through the liquid crystal device, without 
using color filters as proposed in Japanese Laid-Open Patent No. 
2-118516 and Japanese Laid-Open Patent No. 6-175125. However, 
these methods have problems of speed of response, number of 
display colors, color purity, and the like. In an article by Mr. 
Tatsuo Uchida, et al. (IEEE Transactions on Electron Devices, 
Vol. ED-33, No. 8, pp. 1207-1211 (1988)), a reflective color 
liquid crystal device was realized by combining a bright liquid 
crystal mode and color filters. Also, in an article by Mr. 
Seiichi Mitsui, et al. (SID' 92 DIGEST, pp. 437-440 (1990)), a 
reflective color liquid crystal device was realized by using a 
bright liquid crystal mode and bright color filters such as in 
Fig. 2 of their article. 

[0004] 

In the above-mentioned two articles, reflective color liquid 
crystal devices were created by combining the PCGH mode (Phase 
Change Guest Host: the details are in an article by D.L. White, 
et al., "J. Appl. Phys. 45, pp. 4718 (1974)"), in which a 
polarizing plate is not needed from the viewpoint of securing 
brightness, and color filters. However, a reflective color 
liquid crystal device can be realized simply by optimizing a 
liquid crystal mode that uses a polarizing plate, not using the 
PCGH mode, or the like, by just making the spectral properties in 
the transmissive active matrix color liquid crystal device as 



shown in Fig. 12 like the spectral properties shown in Fig. 6 
whereby the average transmissivity is high. In other words, a 
bright reflective color liquid crystal device can be realized by 
combining color filters having bright spectral properties as 
shown in Fig. 6 and a reflector in a TN (Twisted Nematic) or STN 
(Super Twisted Nematic) mode using a polarizing plate. In the 
case of a transmissive color liquid crystal device, the light 
from the light source passes through a color filter only once. 
However, in the case of a reflective color liquid crystal device, 
the light entering into the liquid crystal device from the side 
of the observer is reflected back to the observer by a reflector, 
and passes through a color filter a second time. Therefore, a 
bright color filter having an average transmissivity as shown in 
Fig. 6 becomes necessary. When the light passes through this 
color filter, it has the spectral properties as shown in Fig. 7. 
This is the square of the properties of Fig. 6. When designing 
color filters for a reflective color liquid crystal device, it is 
necessary to take this fact into consideration. Furthermore, a 
conventional transmissive color liquid crystal device has a 
light-blocking film (black stripe) 1301 between the dots as in 
Fig. 13 ( (a) is the front view drawing, and (b) is the side view 
drawing) . Because of this light-blocking film, the brightness of 
the liquid crystal device decreases. It is better not to use a 
light-blocking film from the viewpoint of securing brightness in 
a reflective liquid crystal device. 

[0005] 

Also, it is desirable that a liquid crystal mode such as the 
TN mode or STN mode be a normally-white mode, which becomes a 
white display when not being driven, that is, when voltage is not 
being applied. This is because the reflective liquid crystal 
device appears brighter with a white display between the dots. 

[0006] 

When forming a color filter substrate having spectral 
properties such as shown in Fig. 6, whereby the average 
transmissivity is high, this can be realized by making the color 
filters themselves thinner than normally, and by reducing the 
quantity of dye. However, in the case of the normally used dye 
distributed color filter substrate, when the quantity of dye is 
reduced, the degradation of the distribution becomes prominent, 
and there is a tendency toward spottiness. Thus, a method of 
making the colors thinner and brighter on average by providing 
the color filters only on a part of the dots is more effective. 
Also, for dyed color filter substrates, printed color filter 
substrates, and electrodeposited color filter substrates as well, 
because spottiness similarly becomes prominent, a method of 



making the colors thinner and brighter on average by providing 
the color filters only on a part of the dots is more effective, 

[0007] 

[Problems the Invention Tries to Solve] 

Nevertheless, to realize a bright, reflective color filter 
substrate, when a method is used that makes the colors thinner 
and brighter on average by providing the color filters only on a 
part of the dots, a difference of levels is caused in the 
thickness of the color filters between the part having the color 
filters formed and the part not having them formed. Because a 
reflective color liquid crystal device using such a color filter 
substrate has different gaps with the opposing substrate in the 
part having a difference of levels, the area having the color 
filters formed and the area not having them formed, the 
orientation conditions of the liquid crystal are different, and a 
high- image quality display cannot be performed. 

[0008] 

Thus, the aim of the present invention is to provide a color 
filter substrate for a high-image quality reflective color liquid 
crystal device, and a high-image quality reflective color liquid 
crystal device using this. 

[0009] 

The term "dot'' used here is defined in the Electronic 
Industry Association of Japan (EIAJ) standard, ED-2511A, as "the 
element which forms each pixel," and that "pixel" is defined as 
"the minimum display unit that can realize the necessary function 
of a display in a matrix display. As an example, in a color 
display by vertical RGB stripes, a total of three dots, being a 
succession of one dot each of RGB is one pixel." Also, "light- 
controllable area" indicates the area within the "dots" defined 
by the above-mentioned standard, whereby voltage can be applied 
to the liquid crystal sandwiched between the upper and lower 
electrodes, moreover the light is not obstructed by a black mask 
or metallic wiring, or the like. 

[0010] 

[Means to Achieve the Object] 

The invention as defined in Claim 1 is a color filter 
substrate used in a reflective color liquid crystal device that 
comprises a pair of opposing substrates having electrodes on the 
inside, a liquid crystal sandwiched between said substrates, at 



least two colors of color filters, at least one polarizing plate, 
and a reflector. Said color filters are provided only in a part 
of the light-controllable area within each dot, and a layer 
transparent in visible light is formed to the substantially same 
thickness as said color filters in the area not having color 
filters provided in said light-controllable area, and in the area 
not light-controllable . 

[0011] 

It is desirable that the transparent layer have no 
wavelength dependency on the transmissivity, but it doesn' t 
matter if there is a wavelength dependency, in other words, a 
coloration, that is small enough not to influence the spectral 
properties of the color filer. 

[0012] 

The invention as defined in Claim 2 is characterized in that 
the difference of thickness between said color filters and said 

transparent layer is 0 . 5jim or less. 
[0013] 

The invention as defined in Claim 3 is characterized in that 
the difference of thickness between said color filters and said 
transparent layer is O.ljim or less. 

[0014] 

The invention as defined in Claim 4 is characterized in that 
said transparent layer is formed with an acryl material. 

[0015] 

The invention as defined in Claim 5 is characterized in that 
said transparent layer is formed with a polyimide material. 

[0016] 

The invention as defined in Claim 6 is characterized in that 
said transparent layer is formed with a polyvinyl alcohol 
material . 



[0017] 



The invention as defined in Claim 7 is a reflective color 
liquid crystal device using a color filter as defined in any of 
Claim 1 through Claim 6. 



[0018] 



There are many liquid crystal display modes using a 
polarizing plate, but a liquid crystal mode capable of bright 
black-and-white display is suitable, such as the TN mode proposed 
in Japanese Laid-Open Patent No. 51-013666, the retardation plate 
compensated STN mode proposed in Japanese Laid-Open Patent No. 3- 
50249, the single polarizing plate nematic liquid crystal mode 
proposed in Japanese Laid-Open Patent No. 3-223715, the nematic 
liquid crystal mode that performs bistable switching proposed in 
Japanese Laid-Open Patent No. 6-235920, and the single polarizing 
plate hybrid oriented nematic liquid crystal mode published in 
Lecture No. 3A19 of the 21st Liquid Crystal Forum (1995) . Among 
these, the TN mode is particularly superior from the point that a 
bright high contrast can be obtained. However, on the other 
hand, the spike characteristic of the voltage transmissivity 
properties is poor, and there is also the deficiency that 
expensive MIM (metal-insulator-metal) elements, TFD (thin film 
diode) elements, and TFT (thin film transistor) elements are 
required for each dot. In order to be driven by a cheap simple 
matrix method, a liquid crystal mode other than the TN mode is 
more suitable, for example, the retardation plate compensated STN 
mode, or the like. 

[0019] 

[Description of the Preferred Embodiments] 
(Embodiment 1) 

Fig. 1 is a drawing showing the essential elements of the 
structure of a color filter substrate of a reflective type color 
liquid crystal device pertaining to the invention as defined in 
Claim 1 of the present invention. (a) is a front view drawing, 
and (b) is a cross-section drawing. First, the configuration is 
explained. The rectangular area 104 surrounded by the broken 
line of (a) shows one dot. 109 is a glass substrate, 101 is a 
red filter, 103 is a green filter, 102 is a blue filter, 108 is 
acryl, 107 is a protective film, and 106 is a transparent ITO 
electrode. Color filters showing the spectral properties as 
shown in Fig. 8 when 100% of the surface area is formed with the 
color filters are formed at a 50% surface area ratio in dot 104. 
By this, the average spectral properties as shown in Fig. 6 were 
obtained for each dot. 603 is the spectral properties of the red 
system ("R" in the drawing) color filter, 602 is the green system 
("G" in the drawing), and 601 is the blue system ("B" in the 
drawing) . Furthermore, acryl 108 was formed at the same 
thickness as the color filters in the part not formed with color 
filters. At this time, the thickness of the color filters 101, 
102, and 103, and the acryl 108 was about 0.2|im, and an acryl 108 



transparent layer was formed between the dots as well without 
forming a light-blocking film (black stripe) as is formed between 
the dots in an ordinary transmissive color liquid crystal device. 
Furthermore, a liquid crystal device was configured by forming 
sequentially on top of these color filters a protective film 107, 
an ITO electrode 106, and an orientation film for orienting the 
liquid crystal, and superimposing a MIM (metal-insulator-metal) 
active matrix substrate. The TN mode was selected this time for 
the liquid crystal mode, polarizing plates 204 and 211 were 
placed outside the glass substrate, and an Al reflector 212 was 
placed on the opposite side of the observed surface. A 
structural drawing of this reflective color liquid crystal device 
is shown in Fig. 2. 201 is a MIM element, 202 is a display 
electrode for 1 dot, 203 is a scan line, 204 is an upper 
polarizing plate, 206 is a partially formed red color filter, 207 
is a partially formed green color filter, 208 is a partially 
formed blue color filter, 213 is acryl, 209 is a signal 
electrode, 211 is a lower polarizing plate, and 212 is a 
reflector. 

[0020] 

In a reflective color liquid crystal device using a 
substrate having the color filters formed only at 50% of the 
surface area ratio within one dot, the liquid crystal orientation 
became confused by the difference of level between the part 
having the color filters formed and the part not having them 
formed, and the contrast was 1:8. As opposed to this, in a 
reflective color liquid crystal device using a substrate having 
acryl formed at the same thickness as the color filters in the 
part not having the color filters formed, a high-image quality 
display become possible without confusion of the liquid crystal 
orientation. The contrast at this time was 1:20. The color 
filter configuration when an acryl transparent layer is not 
formed in the are not having color filters formed is shown in 
Fig. 4. (a) is a front view drawing, and (b) is a cross-section 
drawing. 401 is a partially formed red color filter, 403 is a 
partially formed green color filter, 402 is a partially formed 
blue color filter, 406 is a protective film, and 404 is one dot. 
As is clear from the cross-section drawing in (b) , an 
irregularity exists on the surface of the color filters, and the 
liquid crystal orientation becomes confused in such a surface 
condition. 

[0021] 

In the present embodiment, a MIM substrate was combined with 
the color filter substrate of the present invention, but a TFT 
(thin film transistor) substrate or TFD (thin film diode) 
substrate also may be used. Also, in the present embodiment, an 



active matrix reflective color liquid crystal device was 
described, but the present invention also may be applied to a 
simple matrix. The present invention is even more effective when 
the surface irregularity of the substrate, such as in the STN 
mode, greatly influences the liquid crystal orientation. 

[0022] 

In the present embodiment, a "mosaic arrangement" was used 
for the color filter arrangement, but a "triangle orientation" or 
"stripe orientation," as published in '93 Latest Process 
Technology (Puresu Janaru, ed.) pp. 321, also may be used. 

[0023] 

(Embodiment 2) 

Fig. 3 is a drawing showing the structure, different from 
Embodiment 1, of a color filter substrate pertaining to the 
invention as defined in Claim 1 of the present invention. (a) is 
a front view drawing and (b) is a cross-section drawing. The 
rectangle surrounded by the dotted line in (a) shows one dot 304. 
First, the structure is explained. 308 is a glass substrate, 307 
is an ITO electrode, 301 is a red color filter, 303 is a green 
color filter, 302 is a blue color filter, and 306 is acryl . 
Color filters showing the spectral properties as shown in Fig. 12 
when 100% of the surface area is formed with the color filters 
are formed at a 30% surface area ratio in dot 104. Doing thus, 
the average spectral properties as shown in Fig. 6 were obtained 
for each dot. 603 is the spectral properties of the red system 
(R) color filter, 602 is the green system (G) , and 601 is the 
blue system (B) . Furthermore, acryl 306 was formed at the same 
thickness as the color filters in the part not formed with color 
filters. At this time, the thickness of the color filters and 
the acryl 306 was about 0.8|im, and an acryl 306 transparent layer 
was formed between the dots as well without forming a light- 
blocking film (black stripe) as is formed between the dots in an 
ordinary transmissive color liquid crystal device. Furthermore, 
a liquid crystal device was configured by forming an orientation 
film for orienting the liquid crystal, and superimposing a TFT 
substrate. The TN mode was selected this time for the liquid 
crystal mode, polarizing plates 204 and 211 were placed outside 
the glass substrate, and an Ag reflector 212 was placed on the 
opposite side of the observed surface. 

[0024] 

In a reflective color liquid crystal device using a 
substrate having the color filters formed only at 30% of the 
surface area ratio within one dot, the liquid crystal orientation 



became confused by the difference of level between the part 
having the color filters formed and the part not having them 
formed, and the contrast was 1:5. As opposed to this, in a 
reflective color liquid crystal device using a substrate having 
acryl formed at the same thickness as the color filters in the 
part not having the color filters formed, a high-image quality 
display become possible without confusion of the liquid crystal 
orientation. The contrast at this time was 1:18. 

[0025] 

In the present embodiment, a TFT substrate was combined with 
the color filter substrate of the present invention, but an MIM 
substrate or TFD substrate also may be used. Also, in the 
present embodiment, an active matrix reflective color liquid 
crystal device was described, but the present invention also may 
be applied to a simple matrix. The present invention is even 
more effective when the surface irregularity of the substrate, 
such as in the STN mode, greatly influences the liquid crystal 
orientation. 

[0026] 

In Embodiment 1 and Embodiment 2, the three primary colors, 
red (R) , green (G) , and blue (B) , were used for the color 
filters. However, color filters having two colors in a 
complementary relationship, such as the cyan ("C" in the drawing) 
and red ("R" in the drawing) of Fig. 9, the magenta ("M" in the 
drawing) and green ("G" in the drawing) of Fig. 10, and the 
yellow ("Y" in the drawing) and blue ("B" in the drawing) of Fig. 
11. 

[0027] 

(Embodiment 3) 

In Embodiment 1 and Embodiment 2, the color filters were 
formed substantially in the middle of one dot, but a placement 
such as shown in Fig. 5(a) and (b) is also acceptable. (a) is 
the pattern having formed the color filters 502 on the upper half 
or lower half of the dot 501, and (b) is the pattern having 
formed the color filters 502 on the right half or left half of 
the dot 501. Also, two or more may be formed separately on one 
dot 501 as shown in Fig. 5(c) and (d) . Even when using color 
filters in the various patterns as shown in Fig. 5, a high-image 
quality reflective color liquid crystal device could be realized. 

[0028] 

(Embodiment 4) 



The properties related to the difference of level of the 
transparent layer are compiled in Table 1. As the difference of 
level is made smaller, the image quality and contrast go up. It 

is clear that if the difference of level is O.Sfom or less, a 
contrast of 1:10 or more can be achieved, and if it further 

becomes O.ljim or less, a contrast of 1:15 or more can be 
achieved. 

[0029] 

[Table 1] 

A difference of level between color filter and transparent 
layer 

B image quality 
C contrast 

1 image quality 

2 extremely bad 

3 bad 

4 good 

5 extremely good 
[0030] 

(Embodiment 5) 

In Embodiment 1 and Embodiment 2, acryl was used for the 
transparent layer to fill in the difference of level between the 
part having the color filters formed and the part not having them 
formed, but a high-image quality reflective color liquid crystal 
device could be realized also by using polyimide. 

[0031] 

Also, a high-image quality reflective color liquid crystal 
device could be realized also by using polyvinyl alcohol. The 
results of these are compiled in Table 2. The image quality and 
contrast both were up compared with one having no transparent 
layer . 

[0032] 

[Table 2] 

D transmissive layer 
E image quality 
F contrast 
G none 
H acryl 



I 
J 
1 

2 
3 
4 
5 



polyimide 
polyvinyl alcohol 
image quality 
extremely bad 
bad 
good 

extremely good 



[0033] 



In the embodiments described above, an Al (aluminum) 
reflector and an Ag (silver) reflector were used for the 
reflector, but a holographic reflector as published by A.G. Chen, 
et al. (SID '95 DIGEST, pp. 176-179) also may be used. 

[0034] 

[Effect of the Invention] 

According to the invention as defined in Claim 1, a color 
filter substrate is used in a reflective color liquid crystal 
device that comprises a pair of opposing substrates having 
electrodes on the inside, a liquid crystal sandwiched between 
said substrates, at least two colors of color filters, at least 
one polarizing plate, and a reflector. Said color filters are 
provided only in a part of the light-controllable area within 
each dot, and a layer transparent in visible light is formed to 
the substantially same thickness as said color filters in the 
area not having color filters provided in said light-controllable 
area, and in the area not light-controllable. Therefore, the 
color filters can be formed only in a part of the light- 
controllable area,, and the surface irregularity of a color filter 
substrate that has bright transmissive spectral properties on 
average can be reduced. 



According to the invention as defined in Claim 2, the 
difference of thickness between said color filters and said 
transparent layer is 0 . 5|xm or less. Therefore, when the color 
filter is used, confusion of the liquid crystal orientation by a 
difference of level is suppressed, and a high-image quality 
reflective color liquid crystal device can be realized. 



According to the invention as defined in Claim 3, the 
difference of thickness between said color filters and said 
transparent layer is 0.1|im or less. Therefore, when the color 
filter is used, confusion of the liquid crystal orientation by a 



[0035] 



[0036] 



difference of level is suppressed, and a high-image quality 
reflective color liquid crystal device can be realized. 

[0037] 

According to the invention as defined in Claim 4 through 
Claim 6, said transparent layer is formed with an acryl material, 
polyimide material, and a polyvinyl alcohol material. Therefore, 
they can be formed easily and with high reliability. 

[0038] 

According to the invention as defined in Claim 7 , it is a 
reflective color liquid crystal device using a color filter as 
defined in any of Claim 1 through Claim 6. Therefore, a high- 
image quality display can be obtained. 

[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a drawing showing the configuration of a color 
filter substrate of the present invention. 

[Fig. 2] 

Fig. 2 is a drawing showing the configuration of a 
reflective color liquid crystal device using a color filter 
substrate of the present invention. 

[Fig. 3] 

Fig. 3 is a drawing showing the configuration of another 
color filter substrate of the present invention. 

[Fig. 4] 

Fig. 4 is a drawing showing the color figure configuration 
when a transparent layer is not formed in the part not having the 
color filters formed. 

[Fig. 5] 

Fig. 5 is a drawing showing the placement of color filters 
on a dot. 

[Fig. 6] 

Fig. 6 is a drawing showing the transmissive spectral 
properties of color filters applied to the present invention. 



[Fig. 7] 

Fig. 7 is a drawing showing the reflective spectral 
properties of the color filters in Fig. 6. 

[Fig. 8] 

Fig. 8 is a drawing showing the transmissive spectral 
properties of color filters having the film thickness made 
thinner than the conventional. 

[Fig. 9] 

Fig. 9 is a drawing showing the transmissive spectral 
properties of a representative cyan color filter and a red color 
filter. 

[Fig. 10] 

Fig. 10 is a drawing showing the transmissive spectral 
properties of a representative magenta color filter and a green 
color filter. 

[Fig. 11] 

Fig. 11 is a drawing showing the transmissive spectral 
properties of a representative yellow color filter and a blue 
color filter. 

[Fig. 12] 

Fig. 12 is a drawing showing the transmissive spectral 
properties of color filters for a conventional transmissive color 
liquid crystal device. 

[Fig. 13] 

Fig. 13 is a drawing showing the configuration of a color 
filter substrate in a conventional transmissive color liquid 
crystal device. 

[Description of the Symbols] 

101, 206, 301, 401, 1302 red color filter 

102, 208, 302, 402, 1303 blue color filter 

103, 207, 303, 403, 1304 green color filter 

104, 304, 404, 501 1 dot 

105, 305, 405 gap between dots 

106, 307, 1305 ITO transparent electrode 



107, 406, 1306 protective film 

108, 214, 306, 503 acryl 

109, 205, 210, 308, 407 glass substrate 

201 MIM element 

202 1 dot electrode 

203 scan line 

204 upper polarizing plate 
209 signal electrode 

211 lower polarizing plate 

212 reflector 
502 color filter 

601 transmissive spectral properties of blue color filter in the 
present invention 

602 transmissive spectral properties of green color filter in 
the present invention 

603 transmissive spectral properties of red color filter in the 
present invention 

701 reflective spectral properties of blue color filter in the 
present invention 

702 reflective spectral properties of green color filter in the 
present invention 

703 reflective spectral properties of red color filter in the 
present invention 

801 transmissive spectral properties of blue color filter having 
film thickness made thinner than conventional 

802 transmissive spectral properties of green color filter 
having film thickness made thinner than conventional 

803 transmissive spectral properties of red color filter having 
film thickness made thinner than conventional 

901 transmissi\ 
color filter 

902 transmissi\ 
filter 

1001 transmissi\ 
color filter 

1002 transmissi\ 
color filter 

1101 transmissi\ 
color filter 

1102 transmissi\ 
color filter 

1201 transmissi\ 
color filter 

1202 transmissi\ 
color filter 

1203 transmissi\ 
filter 

1301 light-blocking film (black stripe) 
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[Document] Abstract of the Disclosure 



[Abstract] 

[Object] To provide a color filter substrate for realizing a 
high-image quality reflective color liquid crystal device, and a 
high-image quality reflective color liquid crystal device using 
this . 

[Means to Achieve the Object] A color filter substrate is used 
in a reflective color liquid crystal device that comprises a pair 
of opposing substrates having electrodes on the inside, a liquid 
crystal sandwiched between said substrates, at least two colors 
of color filters, at least one polarizing plate, and a reflector. 
Said color filters are provided only in a part of the light- 
controllable area within each dot, and a layer transparent in 
visible light is formed to the substantially same thickness as 
said color filters in the area not having color filters provided 
in said light-controllable area, and in the area not light- 
controllable. Also, a reflective color liquid crystal device is 
configured using this color filter substrate. 
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